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(57) ABSTRACT

A magnetic recording hard disk drive (HDD) includes, in
addition to conventional servo sectors with position error
signal (PES) blocks, data position error signal (DPES) blocks
that are written into the data sectors when data is written in the
data sectors of the data tracks. During readback the PES
blocks from the servo sectors are decoded into PES values to
allow the head to follow the servo track, while the DPES
blocks are decoded to obtain DPES values that are used in the
servo control loop to modify the head position so the head
follows the center of the data track. In a shingled magnetic
recording HDD, wherein the write head is at least two
shingled data tracks wide, a DPES block is written in two
radially adjacent data tracks when data is written into the data
sectors of the shingled data tracks.

13 Claims, 6 Drawing Sheets
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1
MAGNETIC RECORDING DISK DRIVE WITH
POSITION ERROR SIGNAL (PES) BLOCKS IN
THE DATA TRACKS FOR COMPENSATION
OF TRACK MISREGISTRATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to magnetic recording hard
disk drives (HDDs), and more particularly to a HDD with
compensation for track misregistration (TMR).

2. Description of the Related Art

HDDs typically have disks with data tracks with a fixed
track spacing or pitch that is set during manufacturing and
cannot be changed during the life of the HDD. The position-
ing of the read/write heads to the data tracks is accomplished
by servo tracks that have angularly-spaced servo sectors that
contain head positioning information, typically position error
signal (PES) blocks or bursts. The servo sectors extend radi-
ally across the data tracks. As the disk rotates the read head
detects the PES blocks, which are decoded into a PES that is
used by the servo control system to maintain the head on the
desired data track. The servo tracks also have a fixed track
pitch that is set during manufacturing and that may be differ-
ent from the fixed track pitch of the data tracks.

A read head following a particular position with respect to
a servo track during writing may be subject to various distur-
bances, such as internal and external vibration. This may
cause the write head to be off track when the data sectors are
written in the data tracks. During readback this results in a
misalignment between the read head position and the position
where the data track was actually written. This is true even if
the read head is in its ideal position with respect to the servo
track. This discrepancy between written position and the read
head positioning during readback is referred to as track mis-
registration (TMR). TMR results in readback data errors and
is a major detractor from achieving the highest possible areal
densities and high throughput in modern HDDs. The data
errors may possibly be recoverable in a re-read of the data, but
this increases the time to retrieve the data; or they may not be
recoverable, resulting in hard errors.

HDDS may use “shingle writing”, also called “shingled
recording” or “shingled magnetic recording” (SMR). SMR
HDDs are well-known, for example as described in U.S. Pat.
No. 6,185,063 B1 and U.S. Pat. No. 6,967,810 B2. In SMR,
the write head, which is wider than the read head in the
cross-track direction, writes magnetic transitions by making a
plurality of consecutive circular paths that partially overlap.
The non-overlapped portions of adjacent paths form the
shingled data tracks, which are thus narrower than the width
of the write head. The data is read back by the narrower read
head. The narrower shingled data tracks thus allow for
increased data density. Because the number of readback
errors due to TMR increases with data track “squeeze”, i.e.,
closer spacing of the data tracks with decreasing track pitch,
TMR is also a problem with SMR HDDs, which are designed
to have very narrow data tracks.

What is needed is a magnetic recording disk drive that
compensates for TMR during readback.

SUMMARY OF THE INVENTION

Embodiments of this invention relate to a HDD that
includes, in addition to the conventional servo sectors with
position error signal (PES) blocks, data position error signal
(DPES) blocks that are written into the data sectors when data
is written in the data sectors of the data tracks. This additional
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2

position information is available on readback for use as a
predictor of the positions in which the data sectors were
written. During readback the PES blocks from the servo sec-
tors are decoded into PES values to allow the head to follow
the servo track, while the DPES blocks are decoded to obtain
DPES values that are used in the servo control loop to modify
the head position so the head follows the center of the data
track.

In a SMR HDD, wherein the write head is at least two
shingled data tracks wide, the read/write electronics is con-
figured to cause the write head to write a DPES block in two
radially adjacent data tracks when writing data into the data
sectors of the shingled data tracks. The DPES blocks may be
written in a data sector immediately after the data sector’s
preamble field and sync field.

For a fuller understanding of the nature and advantages of
the present invention, reference should be made to the fol-
lowing detailed description taken together with the accompa-
nying figures.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram of a magnetic recording disk
drive (HDD) according to the prior art.

FIG. 2 is a schematic of a shingled region or band of a disk
for describing the method of operation of a shingled magnetic
recording (SMR) HDD.

FIG. 3 is a schematic depicting a portion of a servo track
and a data track, the read head following the servo track while
the write head is writing to the data track.

FIG. 4 is a schematic of portion of the shingled magnetic
recording disk according to an embodiment of the invention
and depicts a single servo sector with position error signal
(PES) blocks preceding a single data sector that includes two
circumferentially or angularly adjacent data position error
signal (DPES) fields A and B.

FIG. 5A is an illustration of the read head (RH) and DPES
blocks in fields A and B for three shingled data tracks (SDTs).

FIG. 5B is a graph of read signal amplitude from the DPES
fields A and B as a function of radial position of the read head
as the read head moves from the centerline of SDT1 to the
centerline of SDT3.

FIG. 6 is a block diagram for explaining how the DPES
blocks are used in the servo loop for read head tracking during
data readback.

FIG. 7 is a representation of another type of well-known
bursts at two different frequencies that may be used for the
DPES bursts.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a block diagram of a magnetic recording disk
drive (HDD) 10 according to the prior art. The HDD 10
includes a hard disk controller (HDC) 12 that can include
and/or be implemented by a microcontroller or microproces-
sor. The controller 12 runs a computer program that is stored
in semiconductor memory 14 and that embodies the logic and
algorithms described further below. The memory 14 may be
separate from controller 12 or as embedded memory on the
controller chip. The computer program may also be imple-
mented in microcode or other type of memory accessible to
the controller 12.

The controller 12 is connected to a host interface 16 that
communicates with the host computer 18. The host interface
16 may be any conventional computer-HDD interface, such
as Serial ATA (Advanced Technology Attachment) or SAS
(Serial Attached SCSI).
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While the top view of FIG. 1 shows only a single disk 24
and associated read/write head 22, the HDD 10 typically
includes a stack of disks that are mounted on a spindle 23 and
rotated by a spindle motor (not shown), with each disk surface
being associated with one of the heads 22. The read/write
head 22 is typically a combination of an inductive write head
with a magnetoresistive read head and is located on the trail-
ing end or end face of a head carrier or slider 30. Slider 30 is
supported on the actuator arm 31 by a suspension 32 that
enables the slider to “pitch” and “roll” on an air-bearing
generated by the disk 24 as it rotates in the direction of arrow
130. The actuator arm 31 is attached to a rotary voce coil
motor (VCM) actuator 28 that rotates about pivot 29. Thus as
the actuator 28 pivots, the path of slider 30 with attached
read/write head 22 is not aligned with a disk radius, but is an
arcuate path (like that shown by servo sectors 120 described
below).

The disk 24 has a magnetic recording layer that includes
radially-spaced concentric data tracks with a fixed track spac-
ing or track pitch (TP). The HDD 10 is illustrated as a zone-
bit-recording (ZBR) HDD because the data tracks are
grouped radially into a number of annular data bands or
zones, three of which are shown as zones 151, 152 and 153,
but the invention is fully applicable to a HDD that does not use
ZBR, in which case the HDD would have only a single data
zone. Within each zone, the tracks are also circumferentially
divided into a number of contiguous physical data sectors,
such as typical data sectors 164 in the radially outer data zone
151. Each data sector 164 is preceded by a synchronization
(sync) field, such as typical sync fields 163. The sync fields
163 are detectable by the read head for enabling synchroni-
zation of reading and writing in the data sectors 164.

The disk also includes radially-spaced concentric servo
tracks that have a fixed track spacing or pitch (TP) that is
typically different from the TP of the data tracks. Because the
data TP and servo TP are different, there is not a one-to-one
relationship of data tracks to servo tracks, so the radial posi-
tion of each data track is identified by its nearest servo track
plus an offset from that servo track. The servo tracks are not
continuous but are formed as a group of angularly-spaced
servo sectors 120. The servo sectors 120 contain position
error signal (PES) blocks detectable by the read head for
moving the head 22 to desired data tracks and maintaining the
head 22 on the data tracks. The servo sectors in each servo
track are aligned circumferentially or angularly with the servo
sectors in the other servo tracks so that they extend across the
servo tracks in a generally radial direction, as represented by
radially-directed servo sectors 120. The servo sectors 120 are
nondata regions on the disk that are magnetized once, typi-
cally during manufacturing or formatting of the disk, and are
not intended to be erased during normal operation of the
HDD. Each of the servo sectors 120 in a servo track typically
contains a servo timing mark (STM) that indicates the start of
the servo sector, a servo track identification (TID) code, and a
portion of a pattern of magnetized blocks or high-frequency
bursts that form head position error signal (PES) fields. The
PES fields are detected by the read head and decoded to
provide a PES value, which is a measure of how far the head
is off track from the data track centerline.

Referring again to FIG. 1, the electronics associated with
HDD 10 also includes servo electronics 40. In the operation of
HDD 10, the read/write channel 20 receives signals from head
22 and passes servo information from the servo sectors 120 to
servo electronics 40 and data signals from the data sectors 164
to controller 12. Servo electronics 40 typically includes a
servo control processor that uses the PES information from
the servo sectors 120 to run a servo control loop that produces
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a control signal representative of head radial position. The
control signal is converted to a current that drives actuator 28
to position the head 22. In modern disk drives, the functions
of'the interface 16, HDC 12 with memory, read/write channel
20 and servo electronics 40 may be included in a single
system on a chip (SOC) that also includes the necessary
processors, software and hardware to perform those func-
tions.

In the operation of HDD 10, interface 16 receives a request
from the host computer 18 for reading from or writing to the
data sectors 164. Controller 12 receives a list of requested
data sectors from interface 16 and converts them into a set of
numbers that uniquely identify the disk surface, data track
and data sector. The data track number is used to extract from
atable the number of the servo track closest to the desired data
track and the amount of radial offset of the data track from that
servo track. The numbers are passed to servo electronics 40 to
enable positioning head 22 to the appropriate data sector 164.
The servo control system enables the head used for reading
and writing to be spatially aligned within a fraction of a
track-pitch in the radial direction of the disk.

The controller 12 acts as a data controller to transfer blocks
of write data from the host computer 18 through the read/
write channel 20 for writing to the disks 24 by the heads 22,
and to transfer blocks of read data from the disks 24 back to
the host computer 18. HDDs typically include, in addition to
the rotating disk storage, solid-state memory (referred to as
“cache”) that temporarily holds data before it is transferred
between the host computer and the disk storage. The conven-
tional cache is dynamic random access memory (DRAM), a
volatile form of memory that can undergo a significant num-
ber of write/erase cycles and that has a high data transfer rate.
HDDs may also include nonvolatile memory. One type of
nonvolatile memory is “flash” memory, which stores infor-
mation in an array of floating gate transistors, called “cells”
which can be electrically erased and reprogrammed in blocks.
Thus in HDD 10, the controller 12 also communicates with
volatile memory 50 (shown as DRAM) and optional nonvola-
tile memory 52 (shown as FLLASH) via data bus 54.

The HDD 10 may also be a HDD that uses “shingle writ-
ing”, also called “shingled recording” or “shingled magnetic
recording” (SMR). In SMR, the write head, which is wider
than the read head in the cross-track direction, writes mag-
netic transitions by making a plurality of consecutive circular
paths that partially overlap. The non-overlapped portions of
adjacent paths form the shingled data tracks, which are thus
narrower than the width of the write head. The data is read
back by the narrower read head. The narrower shingled data
tracks thus allow for increased data density. The shingled data
tracks are arranged on the disk as annular bands separated by
annular inter-band gaps or guard bands.

FIG. 2 is a schematic of a shingled region or band 180 for
use in describing the method of SMR. A typical band will
have a large number, i.e., several hundred or thousand,
shingled data tracks (SDTs); however only 7 are shown in
band 180 for ease of illustration. Band 180 has inter-band
gaps (IBGs) 182, 184 that separate it from radially adjacent
bands. The write head makes successive paths or tracks (TRs)
to form the SDTs, which in the example of FIG. 3 are written
in the direction from disk outside diameter (OD) to disk inside
diameter (ID). The write pole tip of the write head has a
cross-track width (WTW) that is wider than the sensing edge
of'the read head cross-track width (RTW). When writing data,
the write head generates paths of magnetic transitions, repre-
sented by the vertical lines, as the recording layer moves in
the direction of arrow 190. For example, the actuator posi-
tions the write head to write data along track 1 (TR1), then
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moves the write head to write data along track 2 (TR2). The
writing of data along TR2 overwrites a portion of the previ-
ously written TR1 and thus “squeezes” the data of TR1 to
thereby form the first shingled data track (SDT1). In the
example of FIG. 2, the shingled data tracks are written in the
direction from the disk OD to ID. However, adisk drive canbe
formatted such that writing of the shingled data tracks in one
or more bands can be from ID to OD, with different bands
being written in different directions. SMR HDDs also have
servo tracks with servo sectors, and data tracks with a TP
different from the TP of the servo tracks.

Track misregistration (TMR) is a major detractor from
achieving the highest possible areal densities and high
throughput in modern HDDs. The result of TMR is that dur-
ing readback the data cannot be detected, resulting in read-
back data errors. The data errors may possibly be recoverable
in a re-read of the data, but this increases the time to retrieve
the data; or they may not be recoverable, resulting in hard
errors. TMR occurs because during writing, when the read
head is detecting the PES blocks to follow a servo track,
disturbances such as internal and external vibration will cause
the write head to move of track.

FIG. 3 is a schematic depicting a portion of a servo track
and a data track, with the read head following the servo track
while the write head is writing to the data track. The path 200
represents the ideal path the read head should follow along the
servo track to maintain the write head on the desired data
track. Path 200 is shown as being the center of a servo track,
but it could be some location or offset between adjacent servo
tracks. Path 200 includes multiple servo sectors, each with
PES blocks, and is depicted as other than a straight line to
reflect runout. The write head has a cross-track offset from the
read head and ideally would write each data sector (DS) along
a path 210 that would replicate the path 200 of the read head.
However, disturbances during writing will cause the read
head to deviate from path 200. This will cause the data sectors
to be written off track, i.e., other than precisely on path 210,
as shown in FIG. 3. The number of readback errors due to
TMR increases with data track “squeeze”, i.e., closer spacing
of the data tracks with decreasing track pitch, because it
becomes more difficult to locate and track-follow the center
of the data tracks. This is especially the case with SMR
HDDs, which are designed to have very narrow data tracks.

Embodiments of this invention relate to a HDD that
includes, in addition to the servo sectors with PES blocks,
data position error signal (DPES) blocks that are written into
the data sectors when data is written in the data sectors of the
data tracks. This additional position information is available
onreadback foruse as a predictor of the positions in which the
data sectors were written. During readback the PES blocks
from the servo sectors are decoded into PES values to allow
the head to follow the servo track, while the DPES blocks are
decoded to obtain DPES values that are used in the servo
control loop to modify the head position so the head follows
the center of the data track.

FIG. 4 is a schematic of portion of a shingled magnetic
recording disk according to an embodiment of the invention.
FIG. 4 depicts a single servo sector with PES blocks preced-
ing a single data sector that includes two circumferentially or
angularly adjacent data position error signal (DPES) fields A
and B. Five shingled data tracks (SDT1 through SDT5) with
centerlines (CLs) are illustrated. The data sector also includes
a conventional preamble and sync field that precedes the data
field. There are two different DPES blocks, represented as
positive (+) (DPES1) and negative (-) (DPES2) bursts. These
represent high frequency magnetic transitions but phase
shifted by 180 degrees. Each DPES block has a radial width
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of at least two SDTs. The DPES1 and DPES2 blocks in each
A and B field alternate in the radial direction across the SDTs.
The DPES blocks in field A are shifted radially by one SDT
from the DPES blocks in field B.

The manner in which the DPES blocks are written when the
data in the SDTs are written will be explained with the write
gate signal lines shown in FIG. 4. The read/write electronics
is configured or adapted to generate write signals that will
open and close a write gate to control the timing of the write
head to write the DPES bursts and the data in the data sectors.
The read/write electronics will generate a write signal to write
a DPES block in a first angular position (the A field) when
writing data in a data sector of a designated data track and a
write signal to write a DPES block in a second angular posi-
tion (the B field) adjacent the first angular position when
writing data in a data sector of a data track radially adjacent to
the designated data track. The write head (WH) has a radial
width of at least two SDTs and is shown as being radially
aligned with line 300, which is at the boundary between
SDT1 and SDT2. As the disk rotates past the WH the write
gate will open for a length of time corresponding to field A, as
shown by Write Line 1 (WL1), during which the WH will
write the bursts of DPES2 that span SDT1 and SDT2. The
write gate will then close at field B and after field B has passed
the write gate will open to allow the WH to write data in the
data field of SDT1. Because the WH has a radial width of at
least two SDTs it will write in SDT1 and in the lower adjacent
track SDT2. The actuator will then move the WH in the
direction of arrow 250 by one SDT to be aligned with line
310, which is at the boundary between SDT2 and SDT3. Then
as the disk rotates past the WH the write gate will remain
closed for the length of time corresponding to field A, as
shown by WL2. The write gate will then open at field B,
during which the WH will write the bursts of DPES1 that span
SDT2 and SDT3. The write gate will then close after field B
has passed and will open to allow the WH to write data in the
data field of SDT2. Because the WH has a radial width of at
least two SDTs it will overwrite what was previously written
in SDT2 and will also write in SDT3. This process continues
as the WH is shifted radially by SDT track widths to SDT3,
SDT4 and SDT5, as shown by Write Lines 3, 4 and 5, respec-
tively.

In one embodiment there is one data sector for each servo
sector. However, the number of data sectors per track will
typically be different at different annular bands on the SMR
disk, while the number of servo sectors per track is typically
the same for all tracks on the disk. In the preferred embodi-
ment the DPES blocks are written into each data sector.
However, the method may also function if less than all data
sectors are used, for example use of the DPES blocks from
every other data sector may be sufficient.

InFIG. 4, the DPES blocks are available immediately after
the preamble and sync fields. The preamble and sync fields
occur at the beginning of every data sector, and also immedi-
ately after every servo sector in order to re-sync the data after
the servo interruption. This DPES location immediately after
the preamble and sync fields is a very convenient location
because the DPES information is then delivered to the servo
electronics in synchronization with the servo sectors.

FIG. 5A is an illustration of the read head (RH) and DPES
blocks in fields A and B forthree SDTs, and FI1G. 5B is a graph
of read signal amplitude from the DPES fields A and B as a
function of radial position of the read head as the read head
moves from the centerline (CL) of SDT1 to the CL of SDT3.
When the RH is aligned with the CL of SDT1, the signal from
each of field A and B will be at approximately the maximum
because the RH is detecting only DPES2 bursts from each
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field. As the RH moves in the direction of the arrow toward the
CL of SDT2 the signal from field A will remain at approxi-
mately the maximum because it is still detecting only DPES2
bursts. However, the signal from field B will begin to decrease
because the RH is also detecting DPES1 bursts which will
begin to cancel the signal from the DPES2 bursts. The signal
from field B will be at approximately the minimum at halfway
between SDT1 and SDT2 where the signals from the DPES2
and DPES1 bursts will cancel each other. Similarly, as the RH
continues to move in the direction of the arrow toward the CL
of SDT3 the signal from field A will begin to decrease
because the RH is also detecting DPES1 bursts which will
begin to cancel the signal from the DPES2 bursts. The signal
from field A will be at approximately the minimum at halfway
between SDT2 and SDT3 where the signals from the DPES2
and DPES1 bursts will cancel each other. However, the signal
from field B will remain at approximately the maximum
because it is still detecting only DPES1 bursts. The A and B
graphs can be used by the servo electronics to decode the
DPES blocks into digital DPES values that represent the
radial position of the RH relative to the CLs of the SDTs. The
digital DPES values are input to the servo control system.

FIG. 6 is a block diagram for explaining how the DPES
blocks are used in the servo loop for read head tracking during
data readback. The read head is moved by the actuator to the
servo track and servo track offset corresponding to the data
track to be read. The read head now follows the servo track
(the path of the angularly spaced servo sectors). As the servo
sectors pass the read head, the read head detects the PES
blocks which are decoded by the PES decoder into digital
PES values. When the read head reads the data sectors
between the servo sectors it detects the DPES blocks, which
are decoded by the DPES decoder into digital DPES values.
The DPES values and PES values are then summed at the
summing junction to obtain the difference, i.e., DPES-PES.
This value is input to the servo controller to control the rotary
actuator to reposition the read head and maintain it over the
path where the data sectors were actually written, i.e., the
centerline of the SDT. The DPES values are thus used to
modify the PES values into the servo controller.

In FIGS. 4 and 5A, the DPES blocks are represented as
positive (+) (DPES1) and negative (-) (DPES2) bursts. These
represent high frequency magnetic transitions but phase
shifted by 180 degrees. These are one type of well-known
bursts used as PES blocks in conventional servo sectors and
are decoded using a well-known decoding technique. How-
ever, the invention is not limited to a specific type of blocks or
bursts used for the DPES blocks. Any of the well-known PES
bursts and their associated decoding techniques can function
as the DPES blocks. FIG. 7 is a representation of another type
of'well-known PES bursts. The DPES blocks may be bursts at
two different frequencies. For example, DPES1 may be a 1T
tone (101010 . . .) (alternating positive/negative or up/down
magnetization) pattern and DPES2 may be a 2T tone
(110110110. . .).

The operation of the HDD functions as described above
may be implemented in hardware or microcode or as a set of
computer program instructions stored in memory and execut-
able by a processor, such as the HDC, or a separate controller
or microprocessor in the SOC. The controller performs logi-
cal and arithmetic operations based on the program instruc-
tions stored in memory, and is thus capable of performing the
functions described above and represented in the figures.

While the present invention has been particularly shown
and described with reference to the preferred embodiments, it
will be understood by those skilled in the art that various
changes in form and detail may be made without departing
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from the spirit and scope of the invention. Accordingly, the
disclosed invention is to be considered merely as illustrative
and limited in scope only as specified in the appended claims.

What is claimed is:

1. A shingled magnetic recording disk comprising:

a plurality of radially spaced shingled data tracks arranged
into a plurality of annular bands separated by inter-band
gaps, the data tracks including data sectors;

aplurality of radially spaced servo tracks having a plurality
of angularly spaced servo sectors extending across the
servo tracks and data tracks, the servo sectors containing
position error signal (PES) blocks; and

aplurality of angularly adjacent first and second data posi-
tion error signal (DPES) blocks within the data sectors
and extending radially across the data tracks in a band,
each DPES block having a radial width of at least two
data tracks, the first and second DPES blocks alternating
in the radial direction and the DPES blocks in one angu-
lar position being shifted radially from the DPES blocks
in the angularly adjacent position by one data track.

2. The disk of claim 1 wherein the first DPES blocks are
bursts of magnetic transitions at a specified frequency and the
second DPES blocks are bursts of magnetic transitions at said
specified frequency and phase shifted from the first DPES
bursts.

3. The disk of claim 1 wherein the first DPES blocks are
bursts of magnetic transitions at a first frequency and the
second DPES blocks are bursts of magnetic transitions at a
second frequency different from said first frequency.

4. A shingled magnetic recording disk drive comprising;

the disk of claim 1;

aread head for reading data and DPES blocks from the data
sectors and PES blocks from the servo tracks;

awrite head having a radial width of at least two data tracks
for generating the shingled data tracks by writing in
overlapping tracks;

a head carrier supporting the read head and write head;

an actuator connected to the carrier for moving the read and
write heads radially across the disk;

read/write electronics coupled to the write head and con-
figured to cause the write head to write a DPES block in
at least two radially adjacent data tracks when writing
data into the data sectors; and

servo electronics coupled to the actuator for adjusting the
radial position of the read head in a data track in response
to the DPES blocks read by the read head.

5. The disk drive of claim 4 wherein each data sector
includes a preamble field and a sync field located immedi-
ately after each servo sector and wherein the DPES blocks are
written immediately after the preamble field and sync field.

6. The disk drive of claim 4 wherein the servo electronics
includes a PES decoder and a DPES decoder and is config-
ured to cause the read head to follow a data track by modify-
ing PES values decoded from the PES blocks in the servo
sectors with DPES values decoded from the DPES blocks in
the data sectors.

7. The disk drive of claim 6 wherein the servo electronics
includes a processor for running a servo control loop that
receives the decoded PES values from the PES blocks read by
the read head from the servo sectors and outputs read head
position to the actuator, wherein the processor is adapted to
modify said read head position in response to DPES values
decoded from the DPES blocks read by the read head from the
data sectors.
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8. A shingled magnetic recording disk drive comprising:
a shingled magnetic recording disk comprising

a plurality of radially spaced shingled data tracks
arranged into a plurality of annular bands separated
by inter-band gaps, the data tracks including data
sectors;

a plurality of radially spaced servo tracks having a plu-
rality of angularly spaced servo sectors extending
across the servo tracks and data tracks, the servo sec-
tors containing position error signal (PES) blocks;
and

a plurality of angularly adjacent first and second data
position error signal (DPES) blocks within the data
sectors and extending radially across the data tracks in
a band, each DPES block having a radial width of at
least two data tracks, the first and second DPES
blocks alternating in the radial direction and the
DPES blocks in one angular position being shifted
radially from the DPES blocks in the angularly adja-
cent position by one data track;

aread head for reading data and DPES blocks from the data
sectors and PES blocks from the servo tracks;

awrite head having a radial width of at least two data tracks
for generating the shingled data tracks by writing in
overlapping tracks;

a head carrier supporting the read head and write head;

an actuator connected to the carrier for moving the read and
write heads radially across the disk; and

read/write electronics coupled to the write head and con-
figured to generate a write signal to write a DPES block
in a first angular position when writing data in a data
sector of a designated data track and a write signal to
write a DPES block in a second angular position adja-
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cent said first angular position when writing data in a
data sector of a data track radially adjacent to said des-
ignated data track.

9. The disk drive of claim 8 wherein the first DPES blocks
are bursts of magnetic transitions at a specified frequency and
the second DPES blocks are bursts of magnetic transitions at
said specified frequency and phase shifted from the first
DPES bursts.

10. The disk drive of claim 8 wherein the first DPES blocks
are bursts of magnetic transitions at a first frequency and the
second DPES blocks are bursts of magnetic transitions at a
second frequency different from said first frequency.

11. The disk drive of claim 8 wherein each data sector
includes a preamble field and a sync field located immedi-
ately after each servo sector and wherein the DPES blocks are
written immediately after the preamble field and sync field.

12. The disk drive of claim 8 further comprising servo
electronics coupled to the actuator for adjusting the radial
position of the read head, the servo electronics including a
PES decoder and a DPES decoder and configured to cause the
read head to follow a data track by modifying PES values
decoded from the PES blocks in the servo sectors with DPES
values decoded from the DPES blocks in the data sectors.

13. The disk drive of claim 8 further comprising servo
electronics coupled to the actuator for adjusting the radial
position of the read head, the servo electronics including a
PES decoder, a DPES decoder and a processor for running a
servo control loop that receives decoded PES values from the
PES blocks read by the read head from the servo sectors and
outputs read head position to the actuator, wherein the pro-
cessor is adapted to modify said read head position in
response to DPES values decoded from the DPES blocks read
by the read head from the data sectors.
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